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ABSTRACT: With the aim of describing the ef-
fect of severe feed restriction on the liver his-
tology, morphometrical analysis of liver sections
of 10 alpine chamois (Rupicapra rupicapra)
was performed. Five animals were found dead
during the winter season 1995–96 and five
were collected during the hunting season 1996.
Hepatocyte nuclear size was measured in
squared micrometers using Image-Pro Plus
software. A significant decrease in the mean
size of the nuclei of hepatocytes in emaciated
chamois, as compared to harvested animals was
observed. The reduction in cell nuclear size
may be linked to the mobilization of body pro-
tein to prevent ketosis during severe food re-
striction, as hypothesized for other wild ungu-
lates. The change in hepatocyte size may be the
consequence of a strategy to minimize energy
expenditure and may be proposed as an index
of metabolic stress during winter undernutri-
tion.

Key words: Alpine chamois, emaciation,
liver, hepatocyte size, histology, metabolic
stress, Rupicapra rupicapra, undernutrition.

During winter and early spring, most
northern ungulates develop emaciation be-
cause of limited food supply (Gasaway et
al., 1983). High population density may
aggravate this condition, reducing food
availability (Ozoga and Verme, 1982). The
annual mortality rate in these populations
is closely related to the severity of the
weather during the winter (Martinka,
1967; Clutton-Brock and Albon, 1982) and
emaciation is the most important cause of
mortality (Dean and Thorne, 1982).

When food intake is insufficient and an-
imals enter a negative energy balance, en-
dogenous fat becomes the main source of
energy (Wolkers et al., 1994). Long-term
dietary restrictions involve severe reduc-
tion in body condition. Bone marrow fat
content decreases (Riney, 1955; Reich,

1981; Suttie, 1983, Torbit et al., 1988); rel-
ative organ sizes are reduced (Canas et al.,
1982, Koong et al., 1983) and total protein
content in liver, kidney, and muscles is de-
creased in undernourished animals (Win-
ick and Noble, 1966, Burrin et al. 1988, El
Haj et al., 1986, Wolkers et al., 1994). In
the liver this protein loss may be brought
about by reduction in cell numbers and
the lower protein/DNA ratio suggests a re-
duction also in cell size (Wolkers et al.,
1994).

Previous investigations of undernutri-
tion performed using semi-domesticated
reindeer (Rangifer tarandus tarandus)
(Soveri, 1993), rats (Addis et al., 1936) and
cattle (Reid et al., 1977a; 1977b) showed
significant variation in the mean volume of
the hepatocytes. Currently no reports on
histological changes in the liver of food-
restricted wild mammals are available. The
purpose of this study was to investigate the
effect of severe feed restriction on the liv-
er histology of alpine chamois by mor-
phometrical analysis.

The study was performed on 10 adult
male (.5 yr of age) alpine chamois: five
animals (average age 5 7.5 yr, 6 2.3 SD)
were found dead in the Gran Paradiso Na-
tional Park (GPNP; Western Italian Alps,
Italy; 458319N, 078169E) during the 1995–
96 winter season, and five harvested cham-
ois (x̄ 6 SD 5 5.5 6 1.7-yr-old) were col-
lected during the 1996 hunting season
(November–December) in the Piedmont
region (Western Italian Alps, Italy;
458049N, 078419E). No signs of autolysis
were observed in the five animals from the
GPNP.
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FIGURE 1. Mean hepatocyte nuclear sizes (in
squared micrometers) in emaciated chamois and in
control chamois (t-test; t 5 6.67, df 5 8; P , 0.001);
1 5 Control chamois, 2 5 Emaciated chamois).

The chamois body condition was esti-
mated by the percentage of fat in tibia
marrow, according to Neiland’s method
(Neiland, 1970). Per cent fat was calculat-
ed as dry weight 4 wet weight 3 100.

Samples of liver from each animal, were
fixed in 10% buffered formalin, paraffin-
embedded, cut at 4 mm, stained either
with hematoxylin and eosin or with he-
matoxylin alone, and observed by light mi-
croscopy.

Morphometric analysis of liver sections
stained with hematoxylin only was per-
formed using a light microscope (Olympus
BX50, Olympus Optical Co., Tokyo, Japan)
and a VC44 videocamera (PCO Computer
Optics, Kelheim, Germany). The size
(area) of the nucleic of hepatocytes was
measured in squared micrometers, from
the central vein (excluded) towards the pe-
riphery of the hepatic lobule, using the
Image-Pro Plus Version 1.1 (Median Cy-
bernetics, Silver Spring, Maryland, USA.)
software. Ten optical fields at high mag-
nification (4003) for each section were
evaluated. Measurement of the size of the
nuclei of hepatocytes was performed by
setting the software’s cut-off value at 6.0
squared micrometers, to exclude other
types of cells (i.e., inflammatory or retic-
uloendothelial cells) present in the optic
fields. Analysis of variance (ANOVA) was
used to evaluate differences between the
two groups. Post hoc multiple pairwise
comparisons with the Least Significant
Difference (LSD) test in an ANOVA anal-
ysis were performed (Sokal and Rohlf,
1995). All P-values were considered signif-
icant at a level of a 5 0.05.

The average (6SD) marrow fat content
in the emaciated chamois was 5.5 (6
0.8%); while in control chamois was 85.3%
(69.1). Based on per cent marrow fat con-
tent, the five animals from GPNP were in-
cluded in the emaciated group.

The most common hepatic lesion in
both groups was non suppurative cholan-
giohepatitis induced by liver parasites (one
emaciated animal; two control animals); in
one control animal such a lesion occurred

in association with biliary hyperplasia,
while in the other it was associated with
an infiltration by eosinophils. No other sig-
nificant gross or microscopic lesions were
detected in control and emaciated animals.

ANOVA showed significant differences
in mean hepatocyte nuclear sizes between
emaciated and control animals (ANOVA,
F1,98 5 72.7, P , 0.0001). Mean sizes of
the nuclei of hepatocytes in emaciated
chamois (x2) differed significantly from
control animals (x1) (t 5 6.67, df 5 8; P ,
0.001; x̄1 5 48.3 6 11.9 SD; x̄2 5 11.3 6
3.4 SD; Fig. 1). A parallel reduction in the
total size of hepatocytes was detected, as
revealed by the higher average number of
nuclei/unit area counted for each sample
in emaciated chamois (x̄ 5 197 6 42 ver-
sus x̄ 5 152 6 34 of the controls).

This investigation showed a significant
decrease in the mean size of hepatocellu-
lar nuclei in emaciated chamois, as com-
pared to control animals. In other mam-
mals, such as reindeer, rat and cattle, the
effect of emaciation on the structure of the
liver includes a reduction in both cell
number and cell size of hepatocytes; in
cattle there was increase in the mean vol-
ume of lipid droplets in the cytoplasm
(Addis et al., 1936; Kosterlitz and Camp-
bell, 1945; Reid et al., 1977a; 1977b;
Spence and Hansen-Smith, 1978; Burrin
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et al., 1988; Soveri, 1993; Wolkers et al.,
1994). Several hypothesis have been pro-
posed to explain this phenomenon such as
shortage of amino acids in the cells or hor-
mone-mediated mechanism (Soveri,
1993). This reduction in cell number and
size in different organs and tissues may be
linked to the prevention of ketosis during
severe feed restriction. In fact, in most
mammals, massive fat mobilization results
in elevated concentration of blood ketone
bodies, but this does not occur in red deer
(Wolkers et al., 1993). To prevent ketosis,
wild ungulates may obtain glucogenetic
precursors from body protein, resulting in
a decreased protein content of body tis-
sues (Wolkers et al., 1994). This metabolic
stress during severe winter undernutrition
may be responsible for reduction of cyto-
plasmic mass through shrinkage of hepa-
tocytes in alpine chamois.

The decrease in the liver weight report-
ed in reindeer during winter (Bjarghov et
al., 1977), due to decreased blood circu-
lation and shrinkage of liver cells, may be
explained as a strategy to minimize energy
expenditure (Soveri, 1993). The change in
chamois liver weight and in hepatocytes
size may be used as an index of metabolic
stress during winter undernutrition. Fur-
ther investigations are needed to elucidate
metabolic mechanisms involved in adap-
tation of alpine ungulates to winter con-
ditions.

The authors thank F. Mascarello and. A.
Sereno for their excellent technical assis-
tance.
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